Cysteine is the preferred reducing agent used in the preparation of culture media for the growth of many strictly anaerobic microorganisms; however, redox potential reduction of cysteine is very slow, making it inconvenient if the medium is needed immediately or in large quantity. The time required to reduce culture medium containing resazurin (an indicator of reducing conditions) was dramatically shortened when the medium, after being injected with the reducing agent cysteine, was irradiated with incandescent light from a halogen lamp. Light intensity had an effect upon reduction time: tubes kept in the dark took more than 12 h to achieve the desired degree of anaerobiosis (measured spectrophotometrically by the bleaching of the indicator, resazurin) while tubes subjected to ordinary laboratory illumination were reduced in about 2 h. When exposed to maximum light intensity (equivalent to a regular 100 watt bulb lamp) tubes could be made anaerobic in less than 20 min. Cysteine was essential for the bleaching of resazurin. Evidence that adequate anaerobiosis was achieved by light irradiation was provided by the fact that four Clostridium strains and one Thermoanaerobacter strain displayed similar growth (measured by lag time, growth rate, and extent of growth) in media reduced under high intensity light or under normal laboratory illumination.
INTRODUCTION
The most widely accepted scenarios for the origin and evolution of life on earth posit that the primitive earth atmosphere was almost completely deprived of oxygen and the first organisms were anaerobic (10, 16, 17) . After the appearance of O2, a number of anaerobic environments were preserved and allowed the survival of microorganisms able to utilize substrates through fermentative and anaerobic respiratory processes (6) . Anaerobic ecosystems remain widespread in the world and include soils, sediments, and human-managed process environments (landfills, anaerobic chambers used in breweries, sewage sludge digesters), as well as gastrointestinal tracts of man and animals (4, 7) . Moreover, many anaerobic microorganisms are potential agents of several pathologies.
In vitro cultivation of many species of anaerobic microorganisms must be conducted in an environment that is not merely oxygen-free, but also highly reducing (low redox potential) (5, 7, 9, 10) . Because of the vagaries of anaerobic medium preparation, there is a need to use dyes which allow visual assessment of the redox state of culture media. Resazurin (7-hydroxy-3H-phenoxazin-3-one 10-oxide; Fig. 1 ) is the most widely used indicator of reducing conditions in these culture media (1, 5, 7, 9) . Methods aimed at eliminating dissolved O2 include sparging of culture media with O2-free gas (usually CO2 or N2) for several hours and addition of a chemical reducing agent (2, 5, 7, 15) . However, many anaerobic bacteria do not grow well in media reduced with strong reducing agents like sodium dithionite or sodium sulfide; some reasons for this include the formation of toxic intermediates and precipitation of essential metal ions. For these organisms, cysteine is the preferred reducing agent because of its low toxicity, but achieving reducing conditions (low redox potential) with cysteine is very slow, making it inconvenient if the medium is needed immediately or in large quantity.
Fukushima et al. (3) reported that a culture medium for anaerobic ruminal bacteria achieved the desired degree of anaerobiosis in considerably less time when exposed to high intensity light from a halogen lamp. The present work sought to verify that this same procedure could be employed in the preparation of a second type of anaerobic culture medium commonly used for the growth of nonruminal anaerobic bacteria.
MATERIALS AND METHODS

Culture medium and light source
Experiments were conducted in 18 x 150 mm Balch-type anaerobic culture tubes sealed with flanged butyl stoppers (Bellco, Vineland, NJ) and aluminum crimp seals (Wheaton, Millville, NJ) (1). Culture medium used in all experiments was CM5 (cellulolytic medium) (18) , containing resazurin (RNO) (Na salt, Sigma, St. Louis, MO, USA) as redox indicator at a concentration of 2.0 mg/L (~6.8 µM). The medium was purged with O2-free N2 for 90 min (N2 gas was rendered O2-free by passage through hot copper filings). Each tube received 0.4 mL of Cys from stock solutions of cysteine hydrochloride (2.5% w/ v, prepared under N2) via N2-flushed hypodermic syringes. Control tubes had no Cys but contained RNO; all tests were performed in triplicates.
Illumination of tubes was accomplished by placing two halogen lamps at distance of 38 cm from the tubes to be illuminated and angled 45º to the benchtop in a shaded room to eliminate outdoor and hallway light. Tubes were illuminated at six different light intensities: 0 (dark), 10 
Detection of dissolved oxygen
In order to verify that the light-accelerated reduction of culture media containing RNO and Cys was followed by a concomitant disappearance in dissolved O2 content, O2 was measured with a Clark-type oxygen electrode (Rank Bros., U.K.) at 60ºC containing 0.5 ml of air-saturated medium and RNO (100 µg/ml). The stimulation in O 2 -consumption upon adding Cys (1.25 mg/ml) was recorded in the absence (by covering with aluminum foil) and presence of incandescent light (Tensor R lamp, model 1500, Boston, MA, supplied 15 candlepower) placed 2 cm from the reaction cuvette.
Microbial growth
The following anaerobic microorganisms were grown (in quadruplicate): Clostridium butyricum 5001, Clostridium pasteurianum 5301, Clostridium perfringens 5003 and Thermoanaerobacter saccharolyticum B6A. Two experimental conditions were tested: after addition of all reagents, including Cys, culture tubes were either exposed to high intensity light (370-380 µE / m 2 × s) or to a lower intensity light in a laboratory fitted with ceiling-mounted overhead fluorescent bulbs, from which the measured light intensity on the benchtop varied slightly around a mean value of ~10 µE / m 2 × s (hereafter referred to as "regular laboratory illumination"). Microbial inoculation (0.3 mL from a stock culture, injected into each tube, previously warmed to 39ºC) was performed immediately after medium reduction. Cultures were incubated in the dark at 39ºC without shaking and were mixed by inversion just prior to each optical density reading at 540 nm (OD 540 ).
Maximum specific growth rate constants (µ max values) were calculated as the slope of the linear portion of a graph of ln 
RESULTS AND DISCUSSION
There was a dramatic effect of light intensity on culture media reduction (Fig. 2) . Tubes kept in the dark as well as those exposed to regular laboratory illumination (10 µE / m 2 × s), did not achieve complete reduction during the experimental period of 60 min. In other experiments (data not shown), tubes kept in the dark took more than 12 h to reduce whereas those under 10 µE / m 2 × s, reduction was achieved after 2-3 h. When exposed to high intensity light (180 and 360 µE / m 2 × s) complete medium reduction was achieved in less than 20 min. Fig. 3 shows the bilogarithmic plot between light intensity and the time required for complete medium reduction (determined spectrophotometrically). Because light intensities of 180 and 360 µE / m 2 × s yielded similar effects on media reduction, there appears to be an upper limit on light intensity to achieve a maximum response and it is doubtful if light intensities over 360 µE / m 2 × s will greatly accelerate medium reduction rate. This technique is very easy to use on a routine basis because an ordinary 100 Watt clear bulb lamp yields about 370 µE / m 2 × s at 11-12 cm distance.
No difference was observed between the type of light (incandescent or fluorescent), on time required to reduce the medium (Fig. 4) . Light intensity tested was 10 µE / m 2 × s and the tubes never reached total anaerobiosis during the experimental period of 60 min; this light intensity was chosen because it mimics typical laboratory conditions. Both RNO and Cys were essential for the reaction to proceed. Cys apparently acts as an electron donor to RNO, resulting in the production of cystine and hydroresorufin, respectively (Fig. 1) ; during an oxidative reaction when two Cys molecules are linked together through a disulfide bond, two protons are released into the medium, and two electrons are transferred to available electron acceptors in the medium (11) . While RNO was required for the photocatalytic effect, the exact mechanism of action by which it accelerates RNO reduction is unknown at the present moment. Fig. 5 shows that in air saturated medium O 2 uptake was strongly influenced by light. This demonstrates that the lightaccelerated reduction of culture media containing RNO and Cys was indeed followed by a concomitant disappearance in dissolved O 2 content in the culture medium.
The illumination of culture tubes with high-intensity light for the purpose of reducing the time required for culture medium preparation exhibited no deleterious effects on the growth of four strains of Clostridium or T. saccharolyticum B6A. Growth (measured by lag time, specific growth rate, and maximum culture Table 1) .
The effect of light on resazurin-containing media was alluded to by Rasmussen and Nicolaisen (10), who noted that 2 d of dark incubation prevented the reduction of RNO in mammalian cells cultures that normally occurred during incubation under fluorescent light, (8 hours per day). Thus, they recommended restricted light exposure and minimal use of reducing agents with RNO for media intended for use as a viable cell indicator. Prütz et al. (13) noted that RNO was capable of efficiently catalyzing the photooxidation of reducing agents such as NADH, GSH and dopa. Okihana et al. (12) reported that high molecular weight soluble polymers produced by heating amino acids in a modified sea medium catalyzed the coupled reaction between dehydrogenation of NADH and reduction of RNO, Cultures were grown in CM5 + glucose (10 g/L) and indicated amount of yeast extract. and this reaction was accelerated by light. However, none of these workers exploited the photocatalytic reaction to accelerate the onset of anaerobic conditions.
We recently reported that acceleration of medium preparation by means of photocatalytic reaction with RNO had no adverse effect upon growth of several ruminal bacteria (3). The present report now generalizes this result to nonruminal bacteria. Thus, we recommend the use of this simple technique to shorten time spent in anaerobic media preparation.
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RESUMO
Uso de Redução Fotocatalítica para Acelerar Preparo de Meio de Cultura para Espécies Sacarolíticas de Clostridium
A cisteína é o agente redutor preferido para o preparo de meios de cultura para muitos microrganismos estritamente anaeróbicos; no entanto, a ação redutora do potencial redox da cisteína é muito lenta, tornando-a inconveniente, para o uso imediato do meio ou em grande quantidade. O tempo requerido para reduzir o meio de cultura contendo resazurina (um indicador redox) foi bastante encurtado quando o meio, após ter sido injetado com o agente redutor cisteína, foi irradiado com luz incandescente proveniente de duas lâmpadas de halogênio. A intensidade da iluminação afetou o tempo gasto na redução: tubos mantidos no escuro alcançaram o nível desejado de anaerobiose (medido espectrofotometricamente pela descoloração do indicador, a resazurina) somente após 12 h, enquanto os tubos mantidos sob iluminação, encontrada em um laboratório comum, levaram cerca de 2 h. Por outro lado, os tubos irradiados com máxima intensidade de luz (equivalente a uma lâmpada normal de 100 watt) tornaram-se totalmente incolores em menos de 20 min. A cisteína mostrou-se ser um reagente indispensável para que a redução da resazurina ocorresse. Evidências de que a anaerobiose do meio de cultura, acelerada pela alta irradiação de luz artificial, foi alcançada, foram fornecidas pelo fato de que quatro cepas de Clostridium e uma de Thermoanaerobacter mostraram crescimento similar (medido através de tempo de duração da fase lag, velocidade de crescimento e crescimento máximo) em meio de cultura reduzido através de exposição a alta intensidade luminosa ou em meio preparado de maneira convencional.
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